We adopted a new computed tomography (CT)-free navigation system and noticed that, compared with our previous experience using a different type of CT-free navigation system that led to oversized and extended femoral component implanted compared with the conventional implantation, the femoral components were similarly implanted to the conventional method. The purpose of our study was to compare alignment and sizing with these 2 image-free systems and determine whether the method to determine the knee center could explain these differences in femoral component size and fl exion of the component. Thirty posterior-stabilized total knee prostheses were implanted using the OrthoPilot CT-free navigation system (B. Braun-Aesculap, Tuttlingen, Germany). Postoperative coronal and sagittal long leg radiographs were retrospectively compared with those of a control group of 30 matched-paired total knee prostheses previously implanted using the VectorVision CT-free navigation system (Depuy-BrainLAB, Heimstetten, Germany). Sagittal alignment of the femoral component in the VectorVision group showed a signifi cantly extended position compared with that in the OrthoPilot group. In addition, the size of the selected femoral component in the Vector Vision group was signifi cantly larger than that in the OrthoPilot group. This discrepancy may be explained by the differences in the determined knee center, which infl uenced the postoperative implantation. When surgeons select a navigation system, the characteristics of each system should be taken into consideration.
T otal knee arthroplasty (TKA) should be performed to achieve stable and well-aligned tibiofemoral and patellofemoral joints for patients' long-term clinical satisfaction. [1] [2] [3] Computer-assisted navigation systems have been developed to improve the alignment accuracy of osteotomy and implantation. The usefulness of these systems has been reported by several authors. [4] [5] [6] [7] However, navigation has not improved patient satisfaction or clinical results despite the added alignment accuracy, lower expense, and operative time at midterm follow-up. [8] [9] [10] The problem or "black box" of the use of navigation systems have received little attention. One of them is the different defi nition of bony landmark, especially the knee center in the sagittal plane, where the recommendations of each company's engineer may be different. We introduced the CT-free navigation system (VectorVision; DePuy-BrainLAB, Heimstetten, Germany) in 2002 and reported an extended position in relation to the sagittal femoral anatomical axis of the femoral component replaced in the navigated surgeries compared with the conventional technique. [11] [12] [13] Since our fi rst report, 11 this discrepancy due to the difference between the distal anatomical and mechanical axis has become well recognized. 14, 15 However, during the course of another series using a different CT-free navigation system (OrthoPilot v 4.2; B. Braun Aesculap, Tuttlingen, Germany), we noticed the sagittal alignment of the femoral component tended to be similar to that obtained with the conventional technique. Therefore, we hypothesized that 2 different CT-free navigation systems showed different sagittal alignment and sizing of femoral component, which may be explained by the different knee center definition in the sagittal plane. Thus, the purpose of the current study was to compare the postoperative alignment and sizing of femoral prosthesis in our patient population after the use of 2 different navigation systems.
MATERIALS AND METHODS
Thirty-eight patients who underwent primary cruciate-retaining TKA (E.motion; B. Braun Aesculap, Tuttlingen, Germany) using a CT-free navigation system (OrthoPilot v 4.2) between 2006 and 2009 were enrolled in this study. To minimize the infl uences of clinical variables, patients with valgus deformity, severe bony defects, or rheumatoid arthritis were excluded. In lateral radiographs, obtaining lateral views of the femoral head was diffi cult in 6 patients, and rotation of the femoral condyle was too severe to detect the line of the femoral component corresponding with the distal cut line in 2 patients. The remaining 30 patients constituted the basis of this study.
The results of this study group were retrospectively compared with those in a control group of 30 matched-paired posterior stabilized TKAs (Press-fi t Condylar prosthesis; DePuy, Tokyo, Japan) which were performed between 2002 and 2006 using another CT-free navigation system (VectorVision). The matched 30 patients diagnosed with varus-type osteoarthritis were selected from 36 patients who had acceptable radiographs in which the femoral head and the shaft could be viewed both on the anteroposterior (AP)and lateral views.
All patients were diagnosed with osteoarthritis and included 50 women and 10 men with a mean age of 73.3 years (range, 47-91 years) ( Table 1) . Surgeries using different types of navigation systems were performed by the 2 senior authors (S.K., H.M.), who were blinded to the radiological assessment.
SURGICAL TECHNIQUE
Surgery was performed using the OrthoPilot or VectorVision CT-free navigation system according to the manufacturer's instructions. Neither CT nor preoperative data were necessary for registration and navigation. Two minimally invasive reference arrays were implanted on screws in the distal femur and the proximal tibia, where they were detectable by an infrared camera. The surgeon performed point registration by touching the tip of the pointer to the objective point and pivoting the pointer. After the registration and verifi cation of the tibia and femur in both the coronal and sagittal planes, the main screen showed the leg as currently defi ned, as well as the planned implant size and orientation. The surgeon can fi x the classical cutting block with the desired orientation as shown by the system before performing the bony resection with a classical motorized saw blade. The proximal tibial osteotomy was performed with 3Њ posterior inclination in the sagittal plane and at 10 mm below the highest point of articular cartilage on the lateral tibial plateau, which could be set on the system. Several parameters were measured on postoperative AP and lateral long-leg weight-bearing radiographs for each patient. Radiographs were taken with the patient standing, trying to take weight equally on both feet, with the knee in maximum extension and facing the radiograph tube. Then, the mechanical axis of the femur and tibia with both AP and lateral long-leg radiographs were measured by overlaying the postoperative radiograph fi lm with the preoperative one to detect the modifi ed points of Oswald's defi nition 16 on the postoperative radiograph. The component positioning angles in relation to the mechanical axis were measured to assess the accuracy of the osteotomies. Five radiographic parameters of the component positioning angle were measured based on 4 reference lines ( Figure 1 ). The radiological measurements were performed by the surgeon (K.I.), who was blinded to the surgery performed.
The mechanical axis of the femur in the coronal plane is the line connecting the center of the femoral head and the bottom of the intercondylar notch. The mechanical axis of the femur in the sagittal plane is the line connecting the femoral head center to a point 1 cm anterior to the distal end of Blumensaat's line (a line extending through the intercondylar notch on a lateral view of the knee), 17, 18 which is used as the registration point for the distal femur center in many navigation systems, including VectorVision (mechanical axis 1 as shown in Figure 2 ). 19 The mechanical axis of the tibia in the coronal plane is defi ned as the line connecting the midpoint of the medial and lateral limits of the tibial plateau and of the talar dome; the mechanical axis of the tibia in the sagittal plane is defi ned as the line between the intersection of the plane of the tibial plateau and a line running through the midpoints of the outer shaft diameter at the midpoint 10 and 20 cm from the tibial plateau and the midpoint of the width of tibiotalar joint. The joint line of the femur is a line drawn between the most distal extents of the femoral prosthesis.
The joint line of the tibia is a line parallel to the surface of the tibial prosthesis. The mechanical axis angle is the medial angle between the mechanical axis of the femur and the mechanical axis of the tibia as measured on the coronal plane.
The coronal femoral component angle is the medial angle between the joint line of the femur and the mechanical axis of the femur as measured on the coronal plane. The sagittal femoral component angle is the posterior angle between the joint line of the femur and the mechanical axis of the femur as measured on the sagittal plane. The coronal tibial component angle is the lateral angle between the joint line of the tibia and the mechanical axis of the tibia as measured on the coronal plane. The sagittal tibial component angle is the posterior angle between the joint line of the tibia and the mechanical axis of the tibia as measured on the sagittal plane. Radiological measurements were performed by a person blinded to all other clinical information.
In the second part of the study, we compared both the pre-and postoperative AP dimension of the femoral condyle and prosthesis in both the OrthoPilot and VectorVision groups using lateral radiographs to assess the presence of postoperative change in size. In the assessment, we determined whether a change occurred in the AP dimension of the femur as defi ned by the difference between the AP dimension of the preoperative femur and the AP dimension of the femoral component on the radiograph. The same magnifi cation was used on the radiograph for both measurements. Size was defi ned as the distance between the anterior and posterior tangents of the femoral condyle, the lines being parallel to the femoral long axis. A posterior reference line was drawn at the midline between the 2 posterior tangent lines to the medial and lateral condyles (Figure 3) .
The results were analyzed statistically using a statistical software package (Statview 5.0; Abacus Concepts Inc, Berkeley, California). The differences in the angular parameters and AP dimensions between the 2 groups were analyzed using the nonpaired Student's t test. The differences in the AP dimensions of the femur and the chosen femoral component were analyzed using the paired Student's t test. Differences of PϽ.05 were considered statistically signifi cant.
RESULTS

Sagittal Plane Alignment
Each sagittal alignment is shown in The relationship between the femoral component and the distal femur with 2 different mechanical axes. In the VectorVision group, the femoral component is implanted perpendicular to mechanical axis 1. Mechanical axis 1 is the line connecting the femoral head center to knee center, a point 1 cm anterior to the distal end of Blumensaat's line (a line extending through the intercondylar notch on a lateral view of the knee). Knee center is identifi ed as double circle (A). In the OrthoPilot group, the femoral component is implanted perpendicular to mechanical axis 2. Mechanical axis 1 is the line connecting the femoral head center to the knee center, a point identifi ed 65% posteriorly on the line between the anterior cortex and the most prominent point of the posterior medial femoral condyle. The knee center is identifi ed as the double circle (B).
2A
2B Anteroposterior Dimension of the Femoral Condyle
We compared the AP dimensions of the preoperative femur and postoperative femoral component within each group and between both groups ( Table 3) . The preoperative AP dimensions of the femoral condyle were 62.4Ϯ3.7 mm in the OrthoPilot group and 62.4Ϯ4.4 mm in the VectorVision group. Although these preoperative data showed no signifi cant difference between the groups, the postoperative values were 62.6Ϯ3.9 mm in the OrthoPilot group and 64.7Ϯ4.1 mm in the VectorVision group, with a signifi cant difference (PϽ.05). Thus, the size of the selected femoral component in the VectorVision group was signifi cantly larger than that in the OrthoPilot group (PϽ.05). In the comparison between pre-and postoperative values, postoperative values in the Vector Vision group were signifi cantly larger than the values in the preoperative values (PϽ.05), but no signifi cant difference existed in the OrthoPilot group.
Coronal Plane Alignment
Each coronal plane alignment is shown in Table 2 . These 3 data in the coronal plane showed no signifi cant differences between the groups.
DISCUSSION
A computer-assisted navigation system was developed to improve the quality of TKAs in comparison with those obtained with the conventional manual procedure. The superiority of accurate prosthetic implantation using the navigation system over the conventional procedure has been reported by institutions all over the world. [4] [5] [6] [7] However, following these initial reports, early clinical outcomes as good as the conventional procedure have recently been reported [20] [21] [22] and encourage the widespread use of the navigation system. Although midterm follow-up with the use of the navigation systems reported the radiological superiority reducing the outliers of implantations, [8] [9] [10] clinical advantages are still unclear despite the added alignment accuracy, expense, and operative time. Even in such a situation, the problems of the navigation system has received little attention. One of them is the different defi nition of bony landmark, especially the knee center in the sagittal plane, where the recommendations of each company's engineer may be different. In the current study, we proved the hypothesis that a new CT-free navigation system, compared with the previous system leading to extended and oversized femoral component, acquired similar implantations to the conventional implantation. This discrepancy may be explained by the differences in the determined knee center.
Two CT-free navigation systems were used during different periods. While using the CT-free navigation system, we noticed that the sagittal alignment of the femoral component was different from that obtained with the other CT-free navigation system, which we had been using previously. Therefore, in the current study, prosthetic alignments were measured postoperatively and compared between the 2 groups. The parameters, especially those in the coronal plane, showed no statistical differences between the 2 groups. However, as expected, the results showed a more fl exed position of the implant, by an average of 4Њ in the OrthoPilot group compared with the VectorVision group. This discrepancy may be explained by the differences in the determined knee center. In the VectorVision navigation system, the knee center is defi ned by the surgeon's registration point-a point 1 cm anterior to the distal end of intercondylar notch. 19 In contrast, the knee center in the OrthoPilot navigation system is determined by several registration points as a theoretical knee center; it is a point identifi ed 65% posteriorly on the line between the anterior cortex and the most prominent point of the posterior medial femoral condyle (Figure 4) . 20, 23, 24 Therefore, the difference in the knee center defi nition between the 2 navigation systems leads to different mechanical axes: mechanical axis 1 in the VectorVision group and mechanical axis 2 in the OrthoPilot group (Figure 2 ). In the measurement of 200 lateral radiographs of volunteers, Chung et al 14 recently reported that the angle between mechanical axis 1 and mechanical axis 2 was 3Њ on average. In the current study, although the difference was 4Њ on average, this may be caused by the different number and methods of measurements.
Tillett et al 25 reported that positioning of the femoral component at slight fl exion or slight extension will not affect the longevity of the prosthesis. However, Insall et al 26 reported that correct sizing of components for TKA is an important factor for optimizing both function and longterm results of the prosthetic components. Daluga et al 27 reported that an increase in AP dimension of the femoral component Ͼ12% adversely affected postoperative range of motion and signifi cantly predisposed patients to anterior knee pain and the need for postoperative knee manipulations. Although there was a 2-mm difference of AP dimension of femoral component between the 2 groups in the current study, the infl uence on clinical outcomes is still unclear.
Our previous study with the VectorVision series showed that the femoral component size can be larger than the preoperative dimensions when femoral anterior bowing is present. 11 With the use of other prostheses (NexGen; Zimmer,Warsaw, Indiana), oversized femoral components were also reported to be selected with the use of the VectorVision navigation system when compared with conventional technique. 28 This is due to hyperextension of the femoral component in relation to the distal femoral anatomical axis when implanted to avoid anterior notching. In contrast, the preoperative AP dimension in the OrthoPilot group was consistent with the selected size of the femoral component. In such recognition, when the OrthoPilot navigation system is used, surgeons may have a small risk of oversizing the femoral component due to the fl exed implantation in relation to the mechanical axis.
There were some limitations to the study. Although the concept of femoral component implantation following mechanical axis is the same, the prosthetic implant types have different designs. The difference may infl uence the result in the current study. In the future, the same implant types should be compared using the different knee centers. The study was done in the retrospective fashion. In the future, the 2 different systems should be compared in a randomized fashion. In addition, to clarify the difference of knee centers between 2 systems infl uencing the sagittal alignment and sizing of femoral component, a cadaveric study using the 2 systems should be performed.
The VectorVision and OrthoPilot navigation systems were compared from the view point of prosthetic implantation. A more fl exed implanted position in the OrthoPilot group compared with the VectorVision group was found. Surgeons should take into account the type of navigation system, preoperative anterior femoral bowing, and the size of the femoral component when using a navigation system. 
